genomic sequence data and analysis equivalent to the sum of all DNA sequencing done to date. Such an effort would require the finishing and publication of, on average, 500 million base pairs of sequence each year-the equivalent of the E. coli genoine being published every 2 days for the next 7 years. The nightly addition of the raw, unedited data to Web sites would double or triple the amount of information to be processed. This scenario considers only the Human Genome Project; however, projects are under way or planned for a large number of other genomes, including mouse, Drosophila, plants, parasites, and microbes. Given the enormous scope of the genome project, we feel that the sequencing labs need to focus on ensuring the highest quality data, analysis, and scientific interpretation, made available as soon as practicable upon completion and published in a timely fashion in peer-reviewed journals. In fact, early release of unedited, unfinished data may be detrimental to small molecular biology labs, which do not have the resources or computational tools to deal with the deluge of information.
Despite its tone of fairness, the argument for daily data release suggests indifference toward the intellectual effort that the scientific research community has set as a standard for itself in the publication and release of its work. Scientific The Human Genome Project was designed as a three-step program to produce genetic maps, physical maps, and, finally, the complete nucleotide sequence map of the human chromosomes. In the past year, the first two milestones have essentially been reached (1) and pilot sequencing projects have begun with the aim of increasing speed and efficiency. Although only 1% of the human genome has been sequenced so far, there is growing confidence that the annual production rate can climb over the next 3 years to more than 500 megabases (Mb) worldwide-ensuring that the goal will be comfortably reached by the If the genes are the human "elements," the common variants are the abundant isotopes. Creating a comiprehensive catalog of common variants is a feasible task: most will be encountered by simply resequencing the coding regions from 100 random individuals (6) . (This effort should be distinguished from the Human Genome Diversity project, which seeks to identify rare alleles in far-flung populations in order to reconstruct human evolution and migration.)
The catalog of common variants will transform the search for susceptibility genes through the use of association studies. Association studies test whether a genetic variant increases disease risk by comparing allele frequencies in affecteds and controls (7) . They are logistically simpler to organize and potentially more powerful than familybased linkage studies, but they have had the practical limitation that one can only test a few guesses rather than being able to systematically scan the genome. In the postgenome world, however, it would be possible to test disease susceptibility against every common variant simultaneously (for example, by genotyping a well-characterized clinical population with a comprehensive DNA array). Notably, testing hundreds of thousands of alternative hypotheses requires only a modest increase (about eightfold) in sample-size (8) .
Noncoding regions are also important in determining disease risk (as known for the insulin gene in juvenile diabetes). Similar approaches could be used to pinpoint the role of noncoding variation, either by systematic collection of variation in regulatory regions or by use of a dense genetic map to recognize ancestral chromosomal segments in the human population (9 (iii) Dissecting circuitry. The greatest challenge will be to decipher the logical circuitry controlling entire developmental or response pathways. The task is perhaps akin to reverse engineering a microprocessor based on recordings from each register. Typical experiments will involve sampling expression throughout a time course after a stimulus or set of related stimuli. In the end, it will include understanding the activation and identifying the target of every transcription factor and assembling the components into a finite list of regulaltory modules and sequential cascades. Whole-genome expression studics will require new mlathematical tools to analyze the data (13) and visualization tools to render them comprehensible.
Spatial localization of gene expression during development will also hold critical clues about fuLnction. DNA arrays will not be suitable for such investigations, but high throughput, in situ hybridization to mouse embryos should be feasible. 5) Generic tools for manipulating cell circuitry. To understand biological function, it is necessary not just to monitor gene expression, but to disrupt and manipulate it. The coming era will require an arsenal of generic reagents and methods for both germline and transient gene disruLption.
For the most tractable genetic systems (yeast, nematodes, and fruit flies), it will be feasible to create a menagerie containing a mutant for every possible gene. These strains will help elucidate function both through direct characterization of the null phenotype and through the identification of interacting genes by screens for suppressors, enhancers, and synthetic lethals. These model organisms are likely to reveal all basic eukaryotic and metazoan functions.
There will be a similar explosion in mouse mutagenesis. Homologous recoinbination allows disruption of any gene, although a comprehensive program to target every mouse gene seems prohibitively expensive ($10 billion, even before the cost of long-term maintenance). Random mutagenesis with point, deletion, and insertion mutagens will undergo a revival, as global tools for DNA and RNA analysis make it easier to identify mutations and characterize their physiological effects. Interspecies hybrids will also shed light on function, through natural allelic incompatibilities.
Transgenic studies will require not only disruption, but the ability to redesign cellular wiring diagrams. One can envision a growing handbook of reusable modular components, much as architects of electronic circuits use today, that would propel studies ranging from basic research to applied gene therapy.
Transient disruption of gene expression will be more appropriate for the study of many physiological processes and essential for the study of 
Society
The societal issues raised by genomics require much more extensive discussion than is possible here, but they must not go unmentioned.
9) Increased attention to ethical, legal and social issues (ELSI). As genetic readouts increase in power and decrease in cost, the potential for intrusive applications will skyrocket. Future We live in a tlime of breathtaking transitions in the biological sciences. MolecUlar genetics has spawned a new revolution evcry decade and has now broUght us to the brink of a globa l vista o0n life.
Note a(dded in proof: Statistical aspects of whole-genomie association studiCS are also dliscu1sseld by Risch and Merikangas (16) .
